The brain and meningeal spaces are protected from bacterial invasion by the blood brain barrier, formed by specialized endothelial cells and tight intercellular junctional complexes.
However, once in the bloodstream, N. meningitidis crosses this barrier in about 60% of the cases. This highlights the particular efficacy with which N. meningitidis2 targets the brain vascular cell wall. The first step of central nervous system invasion is the direct interaction between bacteria and endothelial cells. This step is mediated by the type IV pili, which induce a remodeling of the endothelial monolayer, leading to the opening of the intercellular space.
In this review, strategies used by the bacteria to survive in the bloodstream, to colonize the brain vasculature and to cross the blood brain barrier will be discussed.
Overview
Neisseria meningitidis (meningococcus) is a Gram-negative coccus restricted to humans that is responsible for two major diseases, cerebrospinal meningitis and/or purpura fulminans (i.e. extensive necrotic purpura with massive vascular leakage and multiple organ failure) an often-fatal condition due to the associated septic shock. Paradoxically, N. meningitidis is a common inhabitant of the human nasopharynx, and as such is a normal, saprophytic organism that is transmitted from person to person by direct contact. The mechanisms responsible for nasopharyngeal colonization and crossing of the nasopharyngeal mucosa remain mostly unexplained. In a small proportion of colonized subjects N. meningitidis invades the bloodstream where circulating bacteria can colonize human vessels to cause meningitis and purpura fulminans. It has been demonstrated that N. meningitidis shows a tropism for microvessels. This indicates that N. meningitidis adhere to microvessels endothelial cells throughout the body. 2
Invasive meningoccal diseases can be classified in distinct clinical presentations (Jensen et al. 2003; de Greeff et al. 2008; Parent du Chatelet et al. 2011; Brandtzaeg and van Deuren 2012) : (i) Meningitis without septic shock is the most frequent presentation that concerns about 45% of infected people (mortality rate from 1% to 5%); (ii) Meningitis associated with septic shock are observed in about 15% of the patients; (iii) Shock without meningitis is seen Accepted Article in about 15% of the cases, mostly associated with the development of purpura fulminans.
Purpura fulminans has a mortality rate of about 25%. Interestingly, there is a close relationship between the level of endotoxemia or circulating bacterial DNA and the clinical presentation of the disease. Indeed, patients suffering from meningitis only have less than 10 3 DNA copies/mL and less than 0.5 IU/ml circulating lipooligosaccharide, whereas patients suffering from septic shock have a median of 2.10 7 DNA copies/mL and 43 IU LPS/mL (Ovstebo et al. 2004) . From these data, it can be speculated that the clinical forms of meningococcal disease mostly reflect the level of bacteremia.
In this review we will describe specific features of the blood brain barrier (BBB) and discuss the several steps of meningococcal invasion of the meninges that include (i) proliferation into the bloodstream, (ii) adhesion to the brain endothelium and formation of the colony, (iii) signaling to the cells, (iv) crossing of the endothelium and colonization of the surrounding tissues.
I. The Blood Brain Barrier
The blood brain barrier is a unique structure that tightly regulates the exchange of nutrients, solutes and water between the central nervous system (CNS) and the blood (Ballabh et al. 2004) . As front line between the blood and the CNS, the CNS microvasculature is highly specialized and accounts for this particular BBB features (Reese and Karnovsky 1967).
However, the brain endothelium is not an isolated structure and the blood brain barrier 
II. Where to enter into the CSF?
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Due to the lack of a reliable animal model, most hypotheses regarding the pathogenesis of meningococcal infections are derived from postmortem studies of patients who died from meningococcal meningitis or purpura fulminans or from biopsies of skin purpuric lesions (Pron et al. 1997; Faust et al. 2001; Harrison et al. 2002; Dupin et al. 2012) . 
III. The blood phase

III.1 Proliferation into the bloodstream
To reach the brain microvessels N. meningitidis have first to survive in the bloodstream. Beside iron chelation systems that are essential for pathogenic bacteria to obtain the necessary ferric iron in vivo, the polysaccharidic capsule, the lipooligosaccharide (LOS) and the recently described factor H binding protein participate in the prevention of bacterial killing by the complement.
III.2 Adhesion: an unknown cellular receptor for an unknown bacterial factor
The particular tropism of bacteria for endothelial cells is a major pathophysiological issue in meningococcal infection. The three main surface components that have been described to allow adhesion of N. meningitidis to human cells are type IV pili (Tfp), Opa and Opc proteins (Virji et al. 1993; Unkmeir et al. 2002; Virji 2009 ). However, in the bloodstream Opa and Opc are likely to be hidden under the polysaccharidic capsule and may not be able to interact with their receptors (Carcinoembryonic antigen-related cell adhesion molecules / CD66 ; and vitronectin or fibronectin that bind to cellular integrin, respectively). This is confirmed in vitro by the observation that a capsulated and non piliated strain that expresses Opa proteins is not able to adhere efficiently to endothelial cell in static or flow condition ((Hardy et al. 2000) and personal observation, respectively). Thus, in the bloodstream, Tfp are the main bacterial attributes capable of promoting adhesion. Type IV pili are polymeric filaments found on many 
III.3 Colonization of the endothelium
To further grow on top of the apical surface of endothelial cells the bacteria must resist shear stress. This is dependent on both bacterial aggregation and signaling to the endothelial cells that lead to the formation of microvilli surrounding the colony, protecting it from the flow. The The formation of the cortical plaque is accompanied by the activation of small GTPases of the Rho family i.e. Cdc42, Rac1 and RhoA (Eugene et al. 2002; Lambotin et al. 2005) .
GTPases control diverse cellular functions such as polarity, migration, endocytosis, and cell cycle progression. GTPases activate a robust stimulation of actin polymerization that leads to the elongation of membrane protrusions around bacteria (Eugene et al. 2002) . Interestingly, the formation of such protrusions was also observed in vivo (Pujol et al. 1997) . The pathophysiological role of these projections is believed to be associated with both the increase of the cell membrane surface to favor adhesion of the bacteria, and the shielding of growing microcolonies against shear stresses in the bloodstream (Mairey et al. 2006) .
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FIGURE LEGEND
Interaction of Neisseria meningitidis with endothelial cells
Step 1: Neisseria meningitidis adheres to microvascular endothelial cells through the interaction between Type IV pili and an unknown adhesion receptor.
Step 2 Subsequently, bacteria will modulate their aggregative properties by adding a phosphoglycerol molecule on pilins and detach from the growing colonies to colonize new niches.
